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Higgs Bosons in the MSSM

In contrast to the SM, the MSSM Higgs sector is the most predictive
part of the model!

# Starting from two Higgs doublets H,, Hy, five physical Higgs
bosons remain upon EWSB: , h, H,

» Tree level Higgs boson masses, couplings can all be expressed
as a function of and . Relative to SM couplings:

| SM particle type | hcoupling [ H coupling | A coupling |

. COS & sina
up-type quarks sin 3 sin 3 cot 3
+ sina Cos a
down-type quarks, ¢ ~cos 3 cos 3 tan 8
W and Z bosons sin(8 — «a) | cos(f — ) 0

® H*tb coupling ~ Vipm;cot B(1 — 75) + mptan 3(1 + ~s)
Radiative corrections accounted for in

* Typical: no-mixing (between 7, i), m® (tuned to obtain
highest possible my,)

# Accounting for radiative corrections,



Tevatron Strategy

In the past, LEP analyses focused on ZH associated production:
o for low tan 3, sinz(ﬂ — a) = 1 = my coverage as for SM
* low values of tan g “typically” excluded

Higgs boson production at the Tevatron can be enhanced significantly
for high tan s:

® mp, my nearly degenerate for
low mp (and similar
degeneracy my, my for high
ma)

® respective production cross
sections almost identical

» “other” CP even boson
unobserved
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Analyses don’t attempt to identify

individual Higgs bosons but look for
overall excess
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h/H/A — bb

» Largest branching fraction, B ~ 0.9
e Large QCD heavy flavour background

= require 3 b-tagged jets

» Even then, requires detailed
understanding of background

New CDF analysis, 1.9 fo—':

o start from double-tagged data

@ obtain templates for invariant
mass (M;2) distribution of two

leading b jets, b-tagging
related variable (not shown)

o fit templates to triple-tagged
data

CDF Run Il Preliminary (1.9/fb)
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h/H/A — bb

» Largest branching fraction, B ~ 0.9

e Large QCD heavy flavour background
= require 3 b-tagged jets

» Even then, requires detailed
understanding of background

New CDF analysis, 1.9 fo—':

@
3
3

o start from double-tagged data

@ obtain templates for invariant
mass (M;2) distribution of two

events/(15 GeV/c?)
a
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leading b jets, b-tagging
related variable (not shown)

o fit templates to triple-tagged
data

CDF Run Il Preliminary (1.9/fb)
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h/H/A — bb (continued)

00 95% C.L. upper limits CDF Run Il Preliminary (1.9/fb)

expected limit

. 1o band
m," scenario, p = -200 GeV 20 band

Higgs width included observed limit

» Analysis improvements compared to previous analyses:
» account for Higgs boson decay width (broadened shape more
difficult to distinguish from background: )
» more theory input on b-production mechanisms



h/H/A — bb (continued)

Similar analysis (1 fo~') by D@ submitted for publication last week
* more theory input (use MC) to scale from double tagged to triple
tagged samples

» use of multiple b-tagging criteria to improve knowledge of sample
composition

DG, L=1fb? —~+ D& data

a) 3 jets exclusive ~ — background
High-mass D = heavy flavor
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h/H/A — bb (continued)

Similar analysis (1 fo~') by D@ submitted for publication last week
* more theory input (use MC) to scale from double tagged to triple

tagged samples
» use of multiple b-tagging criteria to improve knowledge of sample

composition

D@, L=1fb"
gb = bo

[ excluded area [7) excluded area [7) excluded area
. expected limit- 40+ ... expected limit: i ... expected limit:
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h/H/A — 1777~

® The branching fraction for this decay
(B =~ 0.1) is moderate. ..

e But its cleanliness (absence of QCD
background) makes it a performant channel!
» Resolution in
Myis = \/(P-1 + pr2 + Pr)? adequate

D@ just submitted a publication on 1 fb~"

+ Data  (a) © Data  (b)
Z-tt [dz-tm
I Multijet . I Multijet I Multijet
W + jets W + jets W + jets
Other EW + tt Other EW + tt Other EW + tt
- @TT, 160 GeV i - 11,160 GeV b [ e ®-1T, 160 GeV.
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h/H/A — v+~ (continued)

=100 GeV
M, = 140 GeV
M, = 160 GeV

-.- M, =200 GeV




h/H/A — 777~ (continued)

® increased Higgs decay width
accounted for by correcting
cross section limits:
r/m < 0.1 = small effect

mp'®, u = +200 GeV

Observed limit
— Expected limit
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h/H/A — 777~ (continued)

® increased Higgs decay width
accounted for by correcting
cross section limits:
r/m < 0.1 = small effect

No-mixing, u = +200 GeV

Observed limit
— Expected limit
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h/H/A — 777~ (continued)

® increased Higgs decay width
accounted for by correcting
cross section limits:
r/m < 0.1 = small effect

® limits: very similar to those for
w<0

What about CDF?

No-mixing, u = +200 GeV

Observed limit
— Expected limit
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h/H/A — v+~ (continued)

® increased Higgs decay width
accounted for by correcting
cross section limits:
r/m < 0.1 = small effect

» limits: very similar to those for
w<0
What about CDF?

o Tnad T Ty Thad channels

CDFRun Il 1.8 fb-! |
MSSM ¢t Search
Preliminary

t observed
[] A—>tt

[ zi*—tT

[ other EW, tt
[ jet fake
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h/H/A — v+~ (continued)

® increased Higgs decay width
accounted for by correcting

MSSM Higgs — 1t Search, 95% CL Exclusion

cross section limits: CDFE Run |l Preliminany, 1.8
I/m < 0.1 = small effect 4
» limits: very similar to those for fomne
H < 0 u>0
What about CDF?

no mixing

* analySIS Update Wlth 18 fb ’ 0 100 120 140 160 180 200 220 240
Nno excess... m, (GeVi/c?)

o Limits generally more restrictive than for decays to bb final states

o Starting to probe tan 3 region interesting from other points of
view

o Yukawa coupling unification in SO(10)
o dark matter co-annihilation region




Charged Higgs Bosons

Charged Higgs bosons H* have been searched for, for the case
my+ < my — mp: production of H* in top quark decays

M,=100 Gev Recent D analysis, 1 fb—':

Exploits existing o(tf) measure-
ments to search for Ht — ¢s with
My« ~ my: sensitivity of

Branching ratio

= Cesies _ 4 55027
o(tt)e ’

to extra contributions in the /+jets
channel = B(t — H*tb) < 0.35
NB: Relevant for low-tan 3 MSSM, but
B(H" — c¢s) =~ 1 also possible in
multi-Higgs-doublet models

tan(B)

Already exploited in '06 CDF
analysis looking for HT — 7,
decays (high tan 3)



Charged Higgs Bosons (continued)

But one can do more! For my+ > my, t — Htband t — Wb will
look different.

New CDF analysis, 2.2 fo~' of /+jets data:
0 4-jet, double b-tagged events
@ non-b jets should combine to form W=+ or H*

Di-jet mass in top decays [CDF Runll Preliminary] CDF Runll Preliminary [2.2fb™]
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Fermiophobic Higgs Bosons

Scenarios are possible where the Higgs boson couplings to fermions
are small (e.g. MSSM “small ag” scenario)
DY have looked at “fermiophobic” Higgs
models (couplings to Il fermions
suppressed) in 2.3 fb~! dataset
e for my, < 100 GeV: h — v main
decay mode
» exploits calorimeter capabilities to
reduce QCD background

* data
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Fermiophobic Higgs Bosons (continued)
For higher my,, the decay mode h — W™ W~ becomes important.
CDF analysis (1.9 fo—") looking for W*h — W W*WT:
o spinoff of corresponding SM channel: different B(h — W+ W)
o very clean: like-sign dilepton signal (e/u)

CDF Run-Il Preliminary: 1.9 fb™* CDF Run-Il Preliminary: 1.9 fb*
T [ T T e T
——— Expected Limit(95% CL) £ 1o
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—e— Data
[II Fake leptons

[ Residual conversions
. vz 1
0z

[ Z -

[ uncertainty of the total BG
—— FP higgsx50 (110 Gevic) |
l—— SM higgsx50 (160 Gevic’)

——— Observad Limit (95% GL)

Fermiophobic Higgs
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Doubly Charged Higgs Bosons

H** can be found e.g. in the Higgs triplet fields of a number of
models (e.g. LR-symmetric, little Higgs). At the Tevatron they could
be produced via qq — v/Z — HtTH=—

D@ publication (1.1 fo=") looking for H**H== — pututp—p~
@ require two like-sign muons, plus a third muon
@ again very clean: backgrounds from W.Z, ZZ production

DO, L=1.1fb?
—-Theory(L)
— Theory(R)
— Observed
Expected
+10 band
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Technicolour

EWSB without fundamental scalars

» extra SU(Nrc) interaction becoming strong at E < O(1 TeV),
forming techni-fermion pair condensates

# in the scalar case, of Goldstone bosons =t and W, Z.
» yet another interaction required to provide fermion masses
Analyses being done in context of TechniColour Strawman Model:
low-E phenomenology dealing with 7, pt (and 7rg, prs) only

New CDF analysis (1.9 fo~1) looking for
pr — mtW — bblv (¢ = e, p):

o relevant for my + m,, <m

PT < 2m7TT

o same final state as SM WH but
production cross section O(pb)




Technicolour

EWSB without fundamental scalars

» extra SU(Nrc) interaction becoming strong at E < O(1 TeV),
forming techni-fermion pair condensates

# in the scalar case, of Goldstone bosons =t and W, Z.
» yet another interaction required to provide fermion masses
Analyses being done in context of TechniColour Strawman Model:
low-E phenomenology dealing with 7, pt (and 7rg, prs) only
New CDF analysis (1.9 fo~1) looking for
pr — mtW — bblv (¢ = e, p):
o relevant for my + my, < m,, <2my,
o same final state as SM WH but

CDF Run Il Pr

production cross section O(pb)
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Technicolour

EWSB without fundamental scalars

» extra SU(Nrc) interaction becoming strong at E < O(1 TeV),
forming techni-fermion pair condensates

# in the scalar case, of Goldstone bosons =t and W, Z.
» yet another interaction required to provide fermion masses

Analyses being done in context of TechniColour Strawman Model:
low-E phenomenology dealing with 7, pt (and 7rg, prs) only

New CDF analysis (1.9 fo~1) looking for
pr — mtW — bblv (¢ = e, p):

CDF Run Il Preliminary (1.9 fb)

o relevant for my + my, < m,, <2my,

o same final state as SM WH but
production cross section O(pb)

NB: extends exclusion region from '06
DY analysis

170 180 190 200 210 220 230 240 250
Wip) (GeV)




Outlook

Good progress in non-SM Higgs boson searches
® many analyses cover > 1fb~' datasets, and much more to come
® starting to probe “interesting” regions of parameter space

» especially in the “standard” m® and no-mixing scenarios



Outlook

Good progress in non-SM Higgs boson searches
® many analyses cover > 1fb~' datasets, and much more to come
® starting to probe “interesting” regions of parameter space

» especially in the “standard” m® and no-mixing scenarios

mi u<0 No-mixing,u <0




MSSM Benchmark Points

Scenario
Mixing parameter X;
Higgs mass parameter

Gaugino mass term Mo
Gluino mass my
Common scalar mass Mgysy

m?ax

2 TeV
+200 GeV
200 GeV
0.8 TeV

1 TeV

no-mixing
0 TeV
+200 GeV
200 GeV
1.6 TeV

2 TeV




LEP Exclusion Limits
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LEP Exclusion Limits

Excluded
by LEP
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